Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

Potency of Three Brown Seaweeds Species as the Inhibitor of
RNA-dependent RNA Polymerase of SARS-CoV-2
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Abstract: The objective of this study was to evaluate the binding activity of bioactive compounds from
three brown seaweed on RNA-dependent RNA polymerase (RdRp) of SARS-CoV-2 by docking method.
The bioactive identification of Sargassum cristaefolium, S. echinocarpum, and Padina australis was
carried out using HPLC-HRMS. The ligand structures in PDB format were obtained from the PubChem
website and the RdRp from the RCSB website. The binding affinity of the interaction of bioactive
components with the RdRp Covid-19 was determined by docking method using AutoDock Vina on PyRx
software. The visualization of 2D and 3D interactions between ligands and macromolecules were
carried out with the Biovia Discovery Studio and PyMol software. The decoction of S. cristaefolium, S.
echinocarpum, and P. australis contained ninety one compounds, and there were twenty compounds
with a strong affinity for RdRp. Rhamnetin was a compound of the Sargassum species have the strongest
binding affinity of -7.6 kcal/mol. Its affinity bonds were hydrogen bonds in Val315, Arg349, Phe396,
Asn628, and hydrophobic bonds in the form of bonds to 7-¢and zalkyl from Pro461. Taribavirin bound
to RdRp in hydrogen bonds at Thr393, Thr394, and Phe396 and bound hydrophobically to z-alkyl from
Cys395. Rhamnetin has the same binding affinity region as taribavirin, which was the subdomain finger
of the RdRp. In conclusion, rhamnetin is a compound of Sargassum sp that can inhibit the replication
and transcription of RdRp SARS-CoV-2 and further studies using the molecular dynamics method on the
mechanism of interaction between rhamnetin and the viral RdRp of SARS-CoV-2 are mandatory.
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1. Introduction

Covid-19 is an acute respiratory disease which was first discovered in Wuhan, China and has now
spread throughout the world [1]. This disease suffered by a person infected with the Covid-19 virus. This
virus classified as a new genus of beta coronavirus. It appears in severe acute respiratory syndrome
coronavirus (SARS-CoV-2) and some bat coronaviruses. Coronavirus has an RdRp that functions for
virus replication and transcription. RdRp has three domains, namely the thumb, palm and finger
subdomains, these subdomains playing a role in the entry of nucleotide triphosphate, binding templates
and polymerization, as well as other functions still related to the three previous functions. The active site
of this enzyme being on the finger subdomain. The finger subdomain plays a vital role as the active site
of the template for RNA binding and polymerization. This subdomain has catalytic residues at residues
366-581 and 621-679 [2, 3]. This enzyme plays a role in the synthesis of RNA and the replication and
transcription cycle of viruses. Inhibiting the activity of these enzymes can be the principal role of
inhibiting this virus [2, 3]. Taribavirin is a synthetic nucleoside analogue of ribofuranose that inhibits
the viral RNA synthesis of the influenza virus by attaching itself to the nucleic acid of this virus. The
use of this antiviral agent can result in anaemia, diarrhoea, fatigue, and drowsiness, and if consumed
chronically, it can induce hepatitis C [4]. Meanwhile, natural ingredients are known to have less frequent
side effects with more complex therapeutic effects [5].

Brown seaweed is one of the many biotas that grow and spread in tropical and subtropical waters.
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Sargassum is a species of brown seaweed which contains a lot of natural ingredients and has been
used for more than 1500 years as Traditional Chinese Medicine for the treatment of several diseases [6-
11]. Brown seaweed species have studied for its ability as an antivirus, namely avian viruses,
cytomegalic and measles viruses and herpes simplex viruses of types 1 and 2 [12]. The polysaccharides
derivatives of brown algae can inhibit the replication of these viruses. However, its ability to inhibit the
Covid-19 viruses, especially as an inhibitor of RdRp activity, is currently unknown; besides, the
technology of separating polysaccharides derivatives from seaweed is still quite complex [13]. Many
studies have shown that bioactive from natural ingredients obtained by decoction. The use of Chinese
herbal decoction can specifically reduce the severity of people with Covid-19. The decoction is known
as an easy and cheap natural extraction technique because it is only enough to boil the materials in water
[14]. The purpose of this study was to evaluate the decoction of bioactive compounds from S.
cristaefolium, S. echinocarpum, and P. australis as inhibitors of the RdRp activity using the in-silico
method.

2. Materials and methods
2.1. Materials

Brown seaweed tested were S. cristaefolium, S. echinocarpum, and P. australis. The solvents used
were aquadest, acetonitrile, and formic acid (HPLC grade). The material used in the docking analysis
was the structure of the test ligand in the form of a compound identified from brown algae downloaded
from the Pubmed database in SDF format.

The tool used to identify brown seaweed active compounds was the HPLC HRMS Thermo Scientific
Dionex Ultimate 3000 RSLC Nano using a Hypersil GOLD aQ column (50 x 1 mm x 1.9 u particle size).
The hardware used for the in-silico method was a laptop (HP Intel® Core ™i3-5005U) with a Microsoft
Windows 10 operating system. The software packages used for the docking analysis were Open Babel
GUI version 2.4.1 [15], PyMOL 1.7.4 Edu (Schradinger) [16], Biovia Discovery Studio 2019 (Dassault
Systemes Biovia Corp.) [17], and PyRx 0.8 (The Scripps Research Institute) [18].

2.2. Methods

Brown seaweeds were obtained from Talango Island waters, Sumenep district, East Java Province,
Indonesia. The samples washed thoroughly with clean seawater and transported immediately using
separate cold boxes for each species to the Faculty of Fisheries and Marine Sciences at Brawijaya
University in Malang. East Java. The samples were washed with running water to remove dirt. Seaweed
samples were then cut into smaller pieces before they were decocted in water (1: 6.7: w / v) for 23 min
at a temperature of 90°C. Afterwards, the extract was cooled to room temperature and then filtered with
Whatman No. 40 paper to obtain the filtrate. The filtrate was then diluted with water containing 0.1%
formic acid and vortexed for 1 min. Afterwards, the supernatant was filtered by a 0.22 um of syringe
filter and placed in a vial. The vials were placed in the autosampler and then injected into the HPLC-
HRMS (Thermo ScientificTM).

The column temperature was 30°C and the solvent system consisted of solvent A (water with 0.1%
formic acid) and solvent B (acetonitrile with 0.1% formic acid). The mobile phase flow rate of 40 pm
L/min was run in a gradient ratio of solvents A and B (95: 5 at min 0-15, 40:60 at min 15-22 and 5:95
ratio at 22-25 min). The detected chromatogram identified based on the identity of the compounds
contained in the Compound Discoverer, mzCloud MS / MS Library.

The 3D ligand structures of the brown algae compounds and taribavirin were obtained from the
website https://pubchem.ncbi.nlm.nih.gov/ in the form of SDF format and then changed to PDB using
Open Babel. Taribavirin used as a control was the inhibitor of RdRp of the influenza virus [4]. Before
the docking process, taribavirin and the identified compounds of brown algae were first optimized with
the OpenBabel. These ligands then minimized its energy to optimize its conformation. The results of the
minimization were then formatted in pdbqgt and were then ready for the docking process. The
macromolecule was RdRp from the SARS-CoV-2 (ID: 6m71), which was downloaded in PDB format.
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The RdRp PDB format of the SARS-CoV-2 (ID: 6m71) was obtained from http://www.rcsb.org/ [2].
RdRp as macromolecule in *.pdb format was converted into *.pdbgt format using the PyRx. Each ligand
was in a flexible state that interacts with macromolecule under rigid conditions. AutoDock Vina was
used to simulating the docking of test ligands and comparison ligand against RdRp [18]. All calculations
were executed via a grid-box size of x = 74.81 A, y = 84.54 A, z = 85.72 A, with a grid center of x =
120.05 A,y =123.86 A, z=120.15 A. An exhaustiveness search parameter of 8 was used to predict the
binding affinities due to the probability of finding the global minimum of the scoring functions. The
docking results were evaluated, and the best value (AG was the most negative) was observed in the area
of the ligands attached to the macromolecule. Interactions in the form of hydrogen bonds, hydrophobic
bonds, and electrostatic bonds and bond distances were visualized in 2D and 3D with the Discovery
Studio and PyMOL with an interaction radius of 5 A [16, 17].

3. Results and discussions
3.1. Identity of chemical compounds of S. cristaefolium, S. echinocarpum, and P. australis

The brown seaweed samples S. cristaefolium, S. echinocarpum, and P. australis contained ninety
one compounds in which consisted of sixty one, fifty, and sixty one bioactive compounds, respectively
(Table 1). Sargassum sp and P. australis are among brown seaweed species that are widespread in
tropical and subtropical waters. These biotas contain many phytochemicals, including phenols, alkaloids,
tannins, steroids, glycosides, saponins, and flavonoids [6, 7].

Tabel 1. Chemical compounds of three brown seaweeds and their binding affinity

Sargassum Sargassum Padina Bin_dipg
No Compounds cristaefolium echinocarpum australis Affinity
(kcal/mol)

1 D-(-)-Glutamine V N 4.7
2 Betaine N N N 38
3 L(-)-Carnitine N 43
4 DL-Glutamine \/ -5
5 DL-Stachydrine N 45
6 DL-Carnitine \ N 45
7 N-Acetylputrescine N 45
8 L-Glutamic acid N N N 48
9 N-Methyl-D-aspartic acid (NMDA) \ 5.1
10 Acetylcholine V 5.2
11 Hymexazol N 42
12 Uracil v N 5.1
13 Adenosine 3'5'-cyclic monophosphate N 73
14 2-Aminophenol N 45
15 Valine \ v -4.3
16 L-Pyroglutamic acid \ N N 5.1
17 Adenine \ N N 5.6
18 Uric acid V -6.5
19 N6-Acetyl-L-lysine \ N N 4.9
20 6-Aminocaproic acid N 4.6
21 DL-Tryptophan N 6.1
22 L-Histidinol N 48
23 4-Guanidinobutyric acid v N 47
24 Nicotinic acid v \ 5.1
25 Isocytosine N N 49
26 Acetyl-B-methylcholine V N 3.8
27 Nicotinamide N N 47
28 Hypoxanthine \ N 53
29 Guanine \ N N 6.3
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30 2-Aminonicotinic acid v \ 5.2
31 Obscurolide Al \ \ \/ -6.7
32 Desthiobiotin \ -4.9
33 4-Hydroxybenzaldehyde S -4.5
34 3,4-Dihydroxyphenylpropionic acid \ -5.7
35 Adenosine \ N N 6.7
36 Inosine V -6.4
37 2-Hydroxycinnamic acid \ N 5.5
38 Valylproline \ -6.8
39 2'-Deoxyadenosine \ \ -6.1
40 L-Norleucine \ \ \ 45
41 Acetophenone \ \ \ 5.7
42 Isonicotinic acid 1-oxide v \ -4.8
43 Propionylcarnitine \ -4.5
44 Pyrogallol \ N N 52
45 Thymine V -5.3
46 Vasicinone \ -6.4
47 Pirbuterol \ -6
48 Rhamnetin v V -7.6
49 4-Piperidone N 36
50 3,4-Dihydroxybenzaldehyde V -5.3
51 L-Phenylalanine V \ 5.2
52 Panthenol N 48
53 Isoamylamine V -3.8
54 5-Valerolactam N \ -4.2
55 N-Butylbenzenesulfonamide \ \ \ -5.3
56 trans-3-Indoleacrylic acid \ \ \ -6
57 4-Indolecarbaldehyde \ 5.4
58 Caprolactam V \ \ -4.4
59 6-Methylquinoline \ 5.8
60 1-MethylIxanthine \ -6.1
61 N3,N4-Dimethyl-L-arginine \ 5.3
62 7-Methylxanthine V \ -6.1
63 Dibenzylamine V \ \ -6.1
64 2-Hydroxybenzothiazole V \ \ 5.2
65 Ageratriol \ N 6.3
66 19-Nortestosterone V -6.9
67 Cyclohexyl phenyl ketone V \ -6.4
68 DEET v v V -5.2
69 Nootkatone V \ \ -6.7
70 2,2,6,6-Tetramethyl-1-piperidinol
(TEMPO) | v v v >

71 4-(Dimethylamino)benzophenone V Y \/ -6.3
72 D-(+)-Camphor V Y \ -5.5
73 (35)-3-Methyl-5-[(1S 8aR)-

2,5,5,8a-tetramethyl-4-oxo- N 63

1,4,4a,5,6,7,8,8a-octahydro-1-

naphthalenyl]pentanoic acid
74 3-Methyl-5-[(15,2R 4aR)-

1,2,4a,5-tetramethyl-7-oxo- N 7

1,2,3,4,4a,7,8,8a-octahydro-1-

naphthalenyl]pentanoic acid
75 Decanamide Y -4.8
76 Dimethyl 2,6-naphthalenedicarboxylate \ 7.1
77 N1-Hyd_razino[3-(methy|thio)anili_no] N N 71

methylidenebenzene-1-sulfonamide
78 1-Tetradecylamine \ -4.4
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79 a-Pyrrolidinopropiophenone v ~ 57
80 3,5-di-tert-Butyl-4-hydroxybenzaldehyde V Y N 5.8
81 Tetranor-12(S)-HETE \ N N 52
82 Zearalenone N 73
83 a-Eleostearic acid \ N 49
84 Dibuty! phthalate V N N 55
85 Cycluron N N 55
86 n-Pentyl isopentyl phthalate \ \ N 6.3
87 N-Desmethylclomipramine ~ -6
83 4-tert-Butylcyclohexy! acetate \ N 5.2
89 4-Methoxycinnamic acid \ 5.8
90 Triethanolamine N N 4.4
91 Choline v \ -3.6
taribavirin 6.1

3.2. Molecular docking

There were twenty compounds that have a stronger affinity energy than taribavirin, e.g. adenosine-
3'5'-cyclic monophosphate, uric acid, guanine, obscurolide Al, adenosine, inosine, valylproline,
vasicinone, rhamnetin, ageratriol, 19-nortestosterone, cyclohexylphenyl ketone, nootkatone, 4-(di-
methylamino) benzophenone, (3S) -3-methyl-5 - [(1S, 8aR) -2,5,5,8,8-tetramethyl-4-oxo0-1,4 4a,5,6,7,8,
8a-octahydro-1-naphthalene] pentanoic acid, 3-methyl-5 - [(1S, 2R, 4aR) -1,2,4a, 5-tetramethyl-7-oxo0-
1,2,3,4,4a,7,8,8a-octahydro-1-naphthalene] pentanoic acid, dimethyl-2,6-naphthalenedicarboxylate,
N1-hydrazino [3- (methylthio) anilino] methylidenebenzene-1-sulfonamide, zearalenone, and n- pentyl
isopentyl phthalate, respectively (Table 1).

The docking results showed that rhamnetin had the strongest binding affinity for RdRp (-7.6
kcal/mol) (Table 1). Rhamnetin is a mono-metoxyflavone, which is a derivative of methylated quercetin.
This compound has the potential to inhibit the protease activity of SARS-CoV-2 [19, 20]. Its bonds to
RdRp included hydrogen bonds in VVal315, Arg349, Phe396, Asn628, and hydrophobic bonds in Pro461
in the form of =-¢, and r-alkyl bonds. As a hydrogen donor, rhamnetin interacts with VVal315 at a distance
of 2.61828 A and with Pro461 at a distance of 3.86226 A. Arg349 bonded rhamnetin with a distance of
4.41304 A, Phe396 with a distance of 4.23149 A and Asn628 with a distance of 3.02164 A (Figure 1).
The hydrogen bonds between rhamnetin and the RdRp residue, namely Phe396 and Asn628, and the
hydrophobic bonds of rhamnetin with the RdRp residue of Pro461 are located in the finger subdomain.
These bindings indicate that rhamnetin binds on the active side of RdRp. Taribavirin binds RdRp
residues via the hydrogen bonds on Thr393 and Cys395 by hydrophobic bonds; meanwhile, Phe396 and
Thr394 of RdRp residues bind taribavirin only by hydrogen bonds (Figure 2). The hydrogen and
hydrophobic binding between taribavirin and the RdRp residues in the finger subdomain and it indicate

that taribavirin also binds to the active site residues of RdRp.
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Figure 1. 2D and 3D interaction between rhamnetin and RdRp of covid-19 virus
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Figure 2. 2D and 3D interaction between taribavirin and RdRp of covid-19 virus

The molecular docking results showed that rhamnetin had lower binding energy of -7.6 kcal/mol
compared to taribavirin of -6.6 kcal/mol (Table 1). The difference of the binding energies between
rhamnetin and taribavirin is possible due to the different binding to the residue or the amino acid of
RdRp. The properties of the residues involved in the interaction determine the stability of the ligand-
receptor interaction [21]. Rhamnetin binds to four amino acid residues from the RdRp, namely Val315,
Arg349, Phe396 and Asn628. These amino acids have high hydrophilic properties, and these amino acids
interact with water molecules on the surface of the receptor. This interaction can maintain the stability
of the interior of the structure of the RdRp compared to its hydrogen bonding with taribavirin, which
occurs only in Phe396. The identical of rhamnetin and taribavirin binding to Phe396 means that Phe396
is one of the binding site residues of the RdRp.

4. Conclusions

Our docking results show a higher binding affinity for taribavirin within RdRp’s active sites
containing the following residues: Thr393, Phe396, Thr394, and Cys395. The lowest binding affinity
among the natural compounds of S. cristaefolium, S. echinocarpum, and S. aquifolium was found for
rhamnetin. Rhamnetin presented the most significant fitting score value of -7.6 kcal/mol for the active
sites of the RdRp structure of SARS-CoV-2 virus. Further investigations using Molecular Dynamics
methods on the interaction mechanisms between the ligands and viral RdRp of SARS-CoV-2 are
mandatory.
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